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1. 

MULTUOINTED BENDING MECHANISM 
AND MULTIONTED MEDICAL 

EQUIPMENT HAVING MULTIJOINTED 
BENDING MECHANISM 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This is a Continuation Application of PCT Application No. 
PCT/JP2007/074240, filed Dec. 17, 2007, which was pub 
lished under PCT Article 21(2) in Japanese. 

This application is based upon and claims the benefit of 
priority from prior Japanese Patent Application No. 2007 
086483, filed Mar. 29, 2007, the entire contents of which are 
incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a multijointed bending 

mechanism in which a plurality of bending pieces can be 
independently manipulated by manipulation wires, and to a 
multijointed medical equipment having Such multijointed 
bending mechanism. 

2. Description of the Related Art 
In general, an insertion portion of a piece of medical equip 

ment Such as an endoscope is provided with a bending por 
tion. Bending pieces are rotatably coupled with each other in 
the bending portion. A manipulation wire is connected only to 
a bending piece at the most extreme end of the bending 
portion. The bending portion is bent in its entirety by pushing 
and pulling the manipulation wire. More specifically, since 
the respective bending pieces cannot be independently 
rotated, it is difficult for the bending pieces to take a prede 
termined bending state. 

To cope with the above problem, in Patent Document 1, 
repellent force application means is disposed in the base end 
portion of a bending portion. When the bending portion is 
bent by a manipulation wire, the repellent force application 
means begins to bend the bending portion preferentially from 
the extreme end portion thereof. Further, in Patent Document 
2, balloons are interposed between bending pieces, respec 
tively. Rotation intervals between bending pieces are adjusted 
by the expansion and contraction of the balloons. With this 
configuration, when a bending portion is bent, the radius of 
bending of the bending portion can be variably adjusted. 

Patent Document 1: Jpn. Pat. Applin. KOKAI Publication 
No. 2003-126024 

Patent Document 2: Jpn. Pat. Applin. KOKAI Publication 
No. 06-105797 

BRIEF SUMMARY OF THE INVENTION 

Accordingly, the present invention provides a multijointed 
bending mechanism in which only an arbitrary bending 
pieces can be independently rotated, a space in which a Sur 
gical instrument and the like are disposed can be secured, and 
manipulation wires can be disposed compactly without being 
entangled with each other and multijointed medical equip 
ment having the multijointed bending mechanism. 

According to an aspect of the present invention, there is 
provided a multijointed bending mechanism comprising: a 
first bending piece; a second bending piece connected to the 
first bending piece so as to be rotatable around a first rotation 
shaft; a third bending piece connected to the second bending 
piece so as to be rotatable around a second rotation shaft; at 
least two first wires connected to the first bending piece to 
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2 
rotate the first bending piece; and at least two second wires 
connected to the second bending piece to rotate the second 
bending piece, wherein the second wires are disposed 
inwards of the first wires with respect to a vertical direction of 
the first and second rotation shafts. 

According to an aspect of the present invention, there is 
provided a multijointed bending mechanism comprising: a 
first bending piece; a second bending piece connected to the 
first bending piece so as to be rotatable around a first rotation 
shaft; a third bending piece connected to the second bending 
piece so as to be rotatable around a second rotation shaft; at 
least two first wires connected to the first bending piece to 
rotate the first bending piece; and at least two third wires 
connected to the third bending piece to rotate the third bend 
ing piece, wherein the third wires are disposed inwards of the 
first wires with respect to a vertical direction of the first and 
second rotation shafts. 
An aspect of the present invention provides a multijointed 

medical equipment having the multijointed bending mecha 
1S. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

FIG. 1 is a perspective view schematically showing an 
endoscope apparatus included in an endoscope system 
according to an embodiment of the present invention. 

FIG. 2 is a perspective view schematically showing an 
endoscope and a Surgical instrument in the endoscope system 
according to the embodiment. 

FIG. 3 is a perspective view schematically showing the 
Surgical instrument according to the embodiment. 

FIG. 4 is a perspective view showing an extreme end por 
tion and a bending portion in an insertion portion of the 
Surgical instrument according to the embodiment. 

FIG. 5A is a horizontal longitudinal sectional view of the 
bending portion along line A-A in FIG. 4 in the long axis 
direction of the insertion portion, as viewed from above. 

FIG. 5B is a vertical longitudinal sectional view of the 
bending portion along line B-B in FIG. 4 in the long axis 
direction of the insertion portion, as viewed from the left side 
thereof. 

FIG. 6A is a lateral sectional view along a line A-A in FIG. 
5B and a view showing the disposition of manipulation wires 
and guide sheaths. 

FIG. 6B is a lateral sectional view along a line B-B in FIG. 
5B and a view showing the disposition of the manipulation 
wires and the guide sheaths. 

FIG. 6C is a lateral sectional view along a line C-C in FIG. 
5B and a view showing the disposition of the manipulation 
wires and the guide sheaths. 

FIG. 6D is a lateral sectional view along a line D-D in FIG. 
5B and a view showing the disposition of the manipulation 
wires and the guide sheaths. 

FIG. 7A shows the angular relationship under which bend 
ing pieces rotate and is a longitudinal sectional view of the 
bending portion from above. 

FIG. 7B shows the angular relationship under which the 
bending pieces rotate and is a longitudinal sectional view of 
the bending portion as viewed from above. 

FIG. 8A is an explanatory view of a multijointed structure 
in the bending portion of a Surgical instrument. 

FIG. 8B is an explanatory view of a multijointed structure 
in the bending portion of the Surgical instrument. 

FIG.9 is an explanatory view of a multijointed structure in 
a joystick. 
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FIG. 10A shows a modification of the positioning/dispos 
ing mechanism and is a lateral sectional view along a line A-A 
in FIG.S.B. 

FIG. 10B shows a modification of the positioning/dispos 
ing mechanism and is a lateral sectional view along a line B-B 
in FIG.S.B. 

FIG. 11 is an explanatory view of a multijointed structure 
in a bending portion of a Surgical instrument in still another 
embodiment of the present invention. 

FIG. 12 is an explanatory view of a multijointed structure 
of a joystick in the embodiment. 

DETAILED DESCRIPTION OF THE INVENTION 

A multijointed Surgical instrument (for example, multi 
jointed medical equipment) having a multijointed bending 
mechanism according to an embodiment of the present inven 
tion and an endoscope system having Such multijointed Sur 
gical instrument will be explained below with reference to the 
drawings. 

FIG. 1 is a perspective view schematically showing an 
endoscope apparatus 1 included in the endoscope system. The 
endoscope apparatus 1 is composed of an electronic endo 
Scope (endoscope main body) 2 and a peripheral device (de 
Vice main body) of the endoscope 2. 
The peripheral device includes a light source unit 3 for 

creating endoscope illumination light, an image processing 
unit 4 for Subjecting an image picked up by an image pickup 
portion (not shown) in the endoscope 2 to various types of 
image processing, an image display unit (for example, moni 
tor) 5 for displaying an image, image data (the image pro 
cessed by the image processing unit 4), a state of the device, 
an instruction of an operator, and the like, a controller 6 for 
overall control of the endoscope system and executing an 
arithmetic operation and the like, an input unit 7 having a 
keyboard and the like, a waste fluid tank 8 with a suction 
pump, a water feed tank 9, and the like. The peripheral device 
is mounted on a trolley 10. 
The light source unit 3 has a connection port 11 connected 

to a connector unit 16 and a display 12 for displaying an 
operating state of the light source unit 3 on the front Surface 
thereof. 

The image processing unit 4 has a connector receiver 14 
connected to a connection cable 13 on a front surface thereof. 
A connecting unit 17 with a cap is disposed in the base end of 
the connection cable 13. Further, the connector unit 16 is 
disposed in the extreme end of a universal cord 15 of the 
endoscope 2. An electrical connection portion of the connec 
tor unit 16 is detachably connected to the connecting unit 17 
with the cap. 
Animage pick-up signal obtained in the image pick-up unit 

is sent to the image processing unit 4 through the connection 
cable 13 and converted to a video signal by the image pro 
cessing unit 4. The video signal is displayed on the image 
display unit 5 as an image picked up by the endoscope 2. 

Although the endoscope 2 is an electronic endoscope for 
picking up an endoscope image by an image pick-up portion 
(not shown image pick-up device) disposed in the extreme 
end of a later-described insertion portion 21, it may be, for 
example, a fiber endoscope using an image guide fiber. When 
the fiber endoscope is used, an optical image guided by the 
image guide fiber is picked up by a TV camera or the like. 
As shown in FIGS. 1 and 2, the endoscope 2 has a manipu 

lation portion 20 and the insertion portion 21 as a base mem 
ber. 

The universal cord 15 is connected to the manipulation 
portion 20. A grip portion 22 is disposed in the manipulation 
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4 
portion 20. The manipulation portion 20 is provided with 
various types of function manipulation members, such as an 
angle manipulation knob 23, an air/water feed manipulation 
button 24, a Suction manipulation button 25, a gas Supply 
manipulation button 26, and switches 27. The function 
manipulation members are disposed in portions nearer to a 
proximal end side than the position of the grip portion 22. 
Further, an insertion port 28 of an insertion channel, into 
which a later-described surgical instrument 40 and the like are 
inserted, is disposed in a portion which is positioned nearer to 
an extreme end side than the position of the grip portion 22. 
As shown in FIGS. 1 and 2, the insertion portion 21 is 

composed of a flexible tube (soft portion).31 positioned to the 
proximal end side, a bending portion 32 connecting to the 
extreme end of the flexible tube 31, and an extreme end 
portion 33 connected to the extreme end of the bending por 
tion 32. The flexible tube 31 has elasticity and flexibility and 
is bent by an external force. The bending portion 32 is forcibly 
bend by manipulating the angle manipulation knob. 23. The 
position and the direction of the extreme end portion 33 are 
changed by bending the bending portion 32 so that a desired 
observation target (affected area and the like) is captured in an 
observation field of view (or in an image pickup field of view). 
As shown in FIG. 2, an observation window 34, an illumi 

nation window 35, and a channel port 36 are disposed in the 
extreme end surface portion of the extreme end portion 33. 
An image pickup unit, which includes an optical system 

composed of an objective lens (not shown) and the like and an 
image pick-up device such as a CCD, is disposed inside the 
observation window 34. The image pick-up unit picks up an 
affected area and the like in a body cavity. An image pick-up 
signal obtained by the image pick-up unit is sent to the image 
processing unit 4 through the connection cable 13 as 
described above. 
The channel port 36 communicates with the insertion port 

28 through an insertion channel (not shown) formed in the 
insertion portion 21. The insertion channel is used as a path 
through which an insertion portion 42 of a multijointed Sur 
gical instrument 40 for an endoscope is inserted. 

Although it is assumed in the embodiment that one Surgical 
instrument 40 is inserted into one insertion channel, a plural 
ity of Surgical instruments 40 may be inserted into the one 
insertion channel. Further, it is also possible to provide a 
plurality of the insertion channels and to insert each of the 
Surgical instruments 40 into each of the insertion channels. 

Next, a Surgical instrument extreme end movement con 
troller 18will be explained with reference to FIGS. 2,3,4,5A 
and 5B. As shown in FIG. 2, the surgical instrument extreme 
end movement controller 18 includes a Surgical instrument 
controller 37, a surgical instrument drive unit (motor unit) 38. 
a bending manipulation unit (manipulation input unit)39, and 
the Surgical instrument 40. 
The Surgical instrument 40 includes a manipulation unit 41 

which can be gripped by an operator and the insertion portion 
42 coupled with the manipulation unit 41. 
The surgical instrument drive unit 38 is assembled to the 

manipulation unit 41. 
As shown in FIG. 2, the insertion portion 42 is inserted into 

a body cavity through the insertion channel. The insertion 
portion 42 is composed of a flexible tube (soft portion) 45 
which is positioned on the proximal end (base end) side, a 
bending portion 46 connected to the extreme end of the flex 
ible tube 45, and an extreme end portion 47 connected to the 
extreme end of the bending portion 46. 
The flexible tube 45 has elasticity and flexibility and is bent 

by an external force. 
The bending portion 46 is bent by the manipulation unit 41. 
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The extreme end portion 47 is provided with a grip forceps 
48 as a Surgical instrument for operating on an affected area 
and the like. 
As shown in FIG. 4, the grip forceps 48 includes grip 

members 48a, 48b which are opened and closed up and down. 
The grip members 48a, 48b are opened and closed in up and 
down directions by a manipulation wire 93 inserted into the 
insertion portion 42. The extreme end portion 47 may be 
provided with a Surgical instrument such as a high-frequency 
knife or a high-frequency Solidifier in addition to the grip 
forceps 48. 
As shown in FIGS. 4, 5A and 5B, the bending portion 46 

includes the multijointed bending mechanism. The multi 
jointed mechanism is constructed by coupling bending pieces 
51, 52, 53, 54, 55. FIG. 4 is a perspective view showing the 
extreme end portion 47 and the bending portion 46. FIG. 5A 
is a horizontal longitudinal sectional view of the bending 
portion 46 along line A-A in FIG. 4 in the long axis direction 
of the insertion portion 42 as viewed from above. FIG. 5B is 
a vertical longitudinal sectional view of the bending portion 
46 along line B-B in FIG. 4 in the long axis direction of the 
insertion portion 42 as viewed from the left side thereof. The 
up, down, right, and left directions of the bending portion 46 
are as shown by indexes of FIG. 4. 

The bending pieces 51, 52, 53, 54, 55 are formed of an 
annular member. As shown in FIG. 4, the bending pieces 51, 
52, 53, 54, 55 are disposed by being coaxially arranged in a 
line in the long axis direction of the insertion portion 42. The 
bending pieces 51, 52,53,54, 55 are sequentially called a first 
bending piece 51, a second bending piece 52, a third bending 
piece 53, a fourth bending piece 54, and a fifth bending piece 
55 from the extreme end side thereof. 
As shown in FIG. 4, the first bending piece 51 is relatively 

rotatably coupled with the second bending piece 52 by the 
first rotation shaft 61 having a rotating shaft. As shown in FIG. 
5B, a rotating shaft of the first rotation shaft 61 is disposed so 
that it is orthogonal to a center axis L of the bending portion 
46 in a direction along up and down directions. 
The first and second bending pieces 51, 52 are rotatably 

connected to each other around a first rotation shaft 61 and 
rotatably coupled with each other by the first rotation shaft 61. 
The axial direction of the first rotation shaft 61 is orthogonal 
to the long axis direction of the insertion portion 42 and the 
first rotation shaft 61 is disposed in a direction along the up 
and down directions shown in FIG. 4. Accordingly, the first 
and second bending pieces 51, 52 can be relatively rotated in 
right and left directions when viewed from the proximal end 
(base end) side in FIG. 4. 
The second and third bending pieces 52, 53 are rotatably 

connected to each other around a second rotation shaft 62 and 
rotatably coupled with each other by the second rotation shaft 
62. The axial direction of the second rotation shaft 62 is 
orthogonal to the long axis direction of the insertion portion 
42 and the second rotation shaft 62 is disposed in a direction 
along the right and left directions shown in FIG. 4. Accord 
ingly, the second and third bending pieces 52, 53 can be 
relatively rotated in the up and down directions when viewed 
from the proximal end (base end) side in FIG. 4. 
The third and fourth bending pieces 53, 54 are rotatably 

connected to each other around a third rotation shaft 63 and 
rotatably coupled with each other by the third rotation shaft 
63. The axial direction of the third rotation shaft 63 is 
orthogonal to the long axis direction of the insertion portion 
42 and the third rotation shaft 63 is disposed in the direction 
along the up and down directions shown in FIG. 4. Accord 
ingly, the third and fourth bending pieces 53, 54 can be 
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relatively rotated in the right and left directions when viewed 
from the proximal end (base end) side in FIG. 4. 
The fourth bending piece 54 is rotatably coupled with the 

fifth bending piece 55 by a fourth rotation shaft 64. The axial 
direction of the fourth rotation shaft 64 is orthogonal to the 
long axis direction of the insertion portion 42 and the fourth 
rotation shaft 64 is disposed in a direction along the right and 
left directions shown in FIG. 4. Accordingly, the fourth bend 
ing piece 54 and the fifth bending piece 55 can be relatively 
rotated in the up and down directions when viewed from a 
proximal end (base end) side in FIG. 4. 

That is, the first rotation shaft 61 constitutes a joint for 
relatively rotating the first and second bending pieces 51, 52 
in the right and left directions. The second rotation shaft 62 
constitutes a joint for relatively rotating the second and third 
bending pieces 52.53 in the up and down directions. The third 
rotation shaft 63 constitutes a joint for relatively rotating the 
third and fourth bending pieces 53, 54 in the right and left 
directions. Further, the fourth rotation shaft 64 constitutes a 

20 joint for relatively rotating the fourth and fifth bending pieces 
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54, 55 in the up and down directions. 
In the embodiment, the axial directions of the first, second, 

third, and fourth rotation shafts 61, 62. 63, 64 are alternately 
offset by 90°. That is, the bending pieces 51, 52 and the 
bending pieces 53, 54 are rotated in the right and left direc 
tions. The bending pieces 52.53 and the bending pieces 54,55 
are rotated in the up and down directions. Further, the axial 
directions of the rotation shafts 61, 62, 63, 64 are orthogonal 
to the centeraxis (long axis) Lofthe bending portion 46 (refer 
to FIGS. 4, 5A and 5B). The center axis Lagrees with the long 
axis of the insertion portion 42. 
As shown in FIGS.5A and 5B, the bending pieces 51, 52. 

53, 54, 55 have tongue-piece-shaped coupling portions 65 
projecting from the end edges thereof. When the coupling 
portions 65 are overlapped with each other, the rotation shafts 
61, 62. 63, 64 pass through the overlapping portions. That is, 
the rotation shafts 61, 62, 63, 64 are rivet-like shaft members. 
The multijointed bending mechanism arranged as 

described above is covered with a flexible casing (not shown). 
The bending portion 46 is constructed by this configuration. 
A first set of a pair of non-expandable manipulation wires 

56 (56a, 56b) connected to the first bending piece51, a second 
set of a pair of non-expandable manipulation wires 57 (57a, 
57b) connected to the second bending piece 52, a third set of 
a pair of non-expandable manipulation wires 58 (58a, 58b) 
connected to the third bending piece 53, and a fourth set of a 
pair of non-expandable manipulation wires 59 (59a, 59b) 
connected to the fourth bending piece 54 are inserted into the 
insertion portion 42. 
As shown in FIG.5A, the manipulation wires 56a, 56b are 

laterally symmetrically disposed in the bending portion 46 
with respect to the center axis L. The extreme ends of the 
manipulation wires 56a, 56b extend to the region in the first 
bending piece 51 and are connected to the first bending piece 
51. 
The direction of the center axis of the first bending piece 51 

approximately agrees with the direction of the center axis L. 
On one plane which passes through both the direction of the 
center axis of the first bending piece 51 and the axial direction 
of the first rotation shaft 61, the right halfportion of the first 
bending piece 51 is called a right portion, and the left half 
portion of the first bending piece 51 is called a left portion. 
The extreme end of the manipulation wire 56a described 

above is connected to the right portion of the first bending 
piece 51. Further, the extreme end of the manipulation wire 
56b is connected to the left portion of the first bending piece 
51. When the manipulation wire 56a is pulled to the base end 
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(proximal end) side shown in FIG.5A, the first bending piece 
51 is rotated rightward around the first rotation shaft 61. 
Further, when the manipulation wire 56b is pulled to the base 
end side, the first bending piece 51 is rotated leftward around 
the first rotation shaft 61. As described above, the manipula 
tion wires 56 rotate the first bending piece 51. 
As shown in FIG. 5B, the manipulation wires 57a, 57b are 

Vertically symmetrically disposed in the bending portion 46 
with respect to the center axis L. The extreme ends of the 
manipulation wires 57a, 57b extend to the region in the sec 
ond bending piece 52 and are connected to the second bend 
ing piece 52. 
The direction of the center axis of the second bending piece 

52 approximately agrees with the direction of the center axis 
L. On one plane which passes through both the direction of 
the center axis of the second bending piece 52 and the axial 
direction of the second rotation shaft 62, the upper halfpor 
tion of the second bending piece 52 is called an upper portion, 
and the lower halfportion of the second bending piece 52 is 
called a lower portion. 
The extreme end of the manipulation wire 57a described 

above is connected to the upper portion of the second bending 
piece 52. Further, the extreme end of the manipulation wire 
57b is connected to the lower portion of the second bending 
piece 52. When the manipulation wire 57a is pulled to the 
base end (proximal end) side shown in FIG. 5B, the second 
bending piece 52 is rotated upward around the second rotation 
shaft 62. Further, when the manipulation wire 57b is pulled to 
the base end side shown in FIG. 5B, the second bending piece 
52 is rotated downward around the second rotation shaft 62. 
As described above, the manipulation wires 57 rotate the 
second bending piece 52. 
As shown in FIG.5A, the manipulation wires 58a, 58b are 

laterally symmetrically disposed in the bending portion 46 
with respect to the center axis L. The extreme ends of the 
manipulation wires 58a, 58b extend to the region in the third 
bending piece 53 and are connected to the third bending piece 
53. 
The direction of the center axis of the third bending piece 

53 approximately agrees with the direction of the center axis 
L. On one plane which passes through both the direction of 
the center axis of the third bending piece 53 and the axial 
direction of the third rotation shaft 63, the right halfportion of 
the third bending piece 53 is called a right portion, and the left 
half portion of the third bending piece 53 is called a left 
portion. 
The extreme end of the manipulation wire 58a described 

above is connected to the right portion of the third bending 
piece 53. Further, the extreme end of the manipulation wire 
58b is connected to the left portion of the third bending piece 
53. When the manipulation wire 58a is pulled to the base end 
(proximal end) side shown in FIG.5A, the third bending piece 
53 is rotated rightward around the third rotation shaft 63. 
Further, when the manipulation wire 58b is pulled to the base 
end side shown in FIG. 5A, the third bending piece 53 is 
rotated leftward around the third rotation shaft 63. As 
described above, the manipulation wire 58 rotates the third 
bending piece 53. 
As shown in FIG. 5B, the manipulation wires 59a, 59b are 

Vertically symmetrically disposed in the bending portion 46 
with respect to the center axis L. The extreme ends of the 
manipulation wires 59a, 59b extend to the region in the fourth 
bending piece 54 and are connected to the fourth bending 
piece 54. 
The direction of the center axis of the fourth bending piece 

54 approximately agrees with the direction of the center axis 
L. On one plane which passes through both the direction of 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

8 
the center axis of the fourth bending piece 54 and the axial 
direction of the fourth rotation shaft 64, the upper halfportion 
of the fourth bending piece 54 is called an upper portion, and 
the lower halfportion of the fourth bending piece 54 is called 
a lower portion. 
The extreme end of the manipulation wire 59a described 

above is connected to the upper portion of the fourth bending 
piece 54. Further, the extreme end of the manipulation wire 
59b is connected to the lower portion of the fourth bending 
piece 54. When the manipulation wire 59a is pulled to the 
base end (proximal end) side shown in FIG. 5B, the fourth 
bending piece 54 is rotated upward around the fourth rotation 
shaft 64. Further, when the manipulation wire 59b is pulled to 
the base end side shown in FIG. 5B, the fourth bending piece 
54 is rotated downward around the fourth rotation shaft 64. As 
described above, the manipulation wires 59 rotate the fourth 
bending piece 54. 
As described above, the pairs of the manipulation wires 56, 

57, 58, 59, which individually correspond to each other, are 
connected to the bending pieces 51, 52,53,54. When the pairs 
of the manipulation wires 56, 57, 58, 59 are appropriately 
selected and pushed and pulled in the bending portion 46, the 
bending pieces 51, 52, 53, 54 are independently rotated. 

Various methods can be employed to connect the extreme 
ends of the manipulation wires 56, 57, 58,59 to the bending 
pieces 51, 52, 53, 54. The connection is made as described 
below in the embodiment. 
As shown in FIG. 5A, in the base end portion of the first 

bending piece 51, cut and raised pieces 70, which project 
inside of the first bending piece 51, are formed in the right 
portion and the left portion of the first bending piece 51. The 
extreme end of the manipulation wire 56a is inserted into the 
cut and raised piece 70 in the right portion, and fixed to the cut 
and raised piece 70 by brazing. Further, the extreme end of the 
manipulation wire 56b is inserted into the cut and raised piece 
70 in the left portion, and fixed to the cut and raised piece 70 
by brazing. 
As shown in FIG. 5B, in the base end portion of the second 

bending piece 52, cut and raised pieces 70, which project 
inside of the second bending piece 52, are formed in the upper 
portion and the lower portion of the second bending piece 52. 
The extreme end of the manipulation wire 57a is inserted into 
the cut and raised piece 70 in the upper portion, and fixed to 
the cut and raised piece 70 by brazing. Further, the extreme 
end of the manipulation wire 57b is inserted into the cut and 
raised piece 70 in the lower portion, and fixed to the cut and 
raised piece 70 by brazing. 
As shown in FIG. 5A, cut and raised pieces 80, which are 

recessed to the inside of the third bending piece 53, are 
formed in the right side portion and the left side portion of the 
third bending piece 53 around the peripheral edge of the base 
end side of the third bending piece 53. The extreme end of the 
manipulation wire 58a is inserted into the cut and raised piece 
80 of the right side portion and fixed to the cut and raised piece 
80 by brazing. Further, the extreme end of the manipulation 
wire 58b is inserted into the cut and raised piece 80 of the left 
side portion and fixed to the cut and raised piece 80 by 
brazing. 

Further, as shown in FIG. 5B, cut and raised pieces 91, 
which are recessed to the inside of the fourth bending piece 
54, are formed in the upper side portion and the lower side 
portion of the fourth bending piece 54 around the peripheral 
edge of the base end side of the fourth bending piece 54. The 
extreme end of the manipulation wire 59a is inserted into the 
cut and raised piece 91 of the upper side portion and fixed 
thereto by brazing. Further, the extreme end of the manipu 
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lation wire 59b is inserted into the cut and raised piece 91 of 
the lower side portion and fixed thereto by brazing. 

The manipulation wires 56 are inserted into a guide sheath 
66, the manipulation wires 57 are inserted into a guide sheath 
67, the manipulation wires 58 are inserted into a guide sheath 
68, and the manipulation wires 59 are inserted into a guide 
sheath 69, and they are individually guided up to the manipu 
lation unit 41. The guide sheaths 66, 67,68, 69 have flexibility 
and are formed of a sheath-like elastic member having elas 
ticity; for example, an intimately wound coil, a resin tube, and 
the like. Inner holes of the guide sheaths 66, 67, 68, 69 act as 
guide members for guiding the direction of travel of the 
manipulation wires 56, 57, 58, 59. 
The extreme end of each guide sheath is not connected to a 

bending piece to which the manipulation wire to be guided by 
the guide sheath itself is connected but connected to a bending 
piece disposed nearer to the base end side than the above 
bending piece. For example, the extreme ends of guide 
sheaths 66a, 66b are connected to the second bending piece 
52. The extreme ends of guide sheaths 67a, 67b are connected 
to the third bending piece 53. Further, the extreme ends of 
guide sheaths 68.a. 68b are connected to the fourth bending 
piece 54. 

Note that base ends of the guide sheaths may be connected 
to the base end portion of the bending portion 46 (the extreme 
end of the flexible tube 45). Further, as shown in FIGS. 7A 
and 7B, the most extreme end faces of the guide sheaths 66a, 
66b may have slant surfaces whose sides near the center of the 
bending portion 46 retreat to the base end side than the side 
thereof near the outer periphery of the bending portion 46. As 
described above, the guide sheaths 66a, 66b may be arranged 
so that they avoid interference with contained members. 

Next, the angular relationship under which the respective 
bending pieces mutually rotate will be explained with refer 
ence to FIGS. 7A and 7B. 
The end faces 82, which confront each other (which are 

adjacent to each other) in adjacent bending pieces, form a gap 
81. The gap 81 expands in a fan-shape at an angle 0 around the 
axis of a rotation shaft. In more detail, lines extending from 
the end faces 82 intersect on the axis of the rotation shaft. 
Accordingly, the respective end faces 82 are formed as linear 
end edges passing through the rotation axis, respectively. 
Then, the gap 81 is formed by the two end faces 82 confront 
ing each other and expanding in a fan-shape at an angle 0 
about an intersecting point (axis of the rotation shaft). 

Note that the extended lines need not necessarily intersect 
on the axis of the rotation shaft, and the respective end faces 
82 may not beformed as linear end edges passing through the 
rotation axis, respectively. In this case, the gap 81, which 
expands in a fan-shape at the angle 0, may be preferably 
formed by the lines which pass through ends (apexes) 82a. 
which are positioned at the most external sides of the end 
faces 82, and the axis of the rotation shaft. 

Note that the sum of the angles 0 of the gaps 81 of at least 
two adjacent bending pieces in the bending pieces rotating in 
the same direction is set to 90° or more. As shown in, for 
example, FIGS. 7A and 7B, the sum of the rotatable angle 01 
of the gap 81 between the bending pieces 51, 52 rotating in the 
same direction and the rotatable angle 02 of the gap 81 
between the bending pieces 53, 54 rotating in the same direc 
tion is set to 90° or more. 
As described above, the rotatable angle 0 of the multi 

jointed bending piece may be preferably allocated not only to 
one gap 81 but also to the gaps 81 between the bending pieces 
rotating in the same direction (a plurality of adjacent gaps 81). 
With this configuration, it is not necessary to increase the 
angle 0 in one gap 81. Accordingly, the maximum angle 0 
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10 
formed by one gap 81 is reduced. As a result, the amount of 
rotation of a bending piece in one gap 81 is reduced. Thus, 
when a bending operation causes the contained members 
Such as the manipulation wires and the guide sheaths to 
traverse the gap 81, they are less likely to be caught by the gap 
81. 

Next, how the manipulation wires and the guide sheaths are 
disposed in the bending pieces will be explained with refer 
ence to FIGS.5A, 5B, 6A, 6B, 6C, and 6D. 
The extreme ends of the guide sheaths 66a, 66b are fixed to 

a first wire guide 71 disposed in the second bending piece 52 
and positioned to and Supported by the second bending piece 
52. The first wire guide 71 is formed of for example, a 
ring-like sheet-shaped member as shown in FIGS.5A, 5B and 
6A. The first wire guide 71 is fixed to the inner wall of the 
second bending piece 52 by pins 60 at both the upper and 
lower end edges thereof. Cut-outs are formed in both the right 
and left ends of the first wire guide 71 as shown in FIG. 6A. 
An insertion hole 76, through which contained members such 
as the guide sheaths 66a, 66b are inserted, is formed at the 
center of the first wire guide 71. The insertion hole 76 is 
formed in an approximately circular shape about the center 
axis L. The extreme ends of the guide sheaths 66a, 66b are 
positioned and disposed in, for example, the right/left inner 
wall portions in the insertion hole 76, respectively and fixed to 
the portions by brazing or the like. Accordingly, the extreme 
ends of the guide sheaths 66a, 66b are disposed in the same 
distance from the center axis L. In other words, the extreme 
ends of the guide sheaths 66a, 66b are bilaterally symmetri 
cally disposed across the center axis L. With this configura 
tion, the manipulation wires 56a, 56b inserted into the guide 
sheaths 66a, 66b are also bilaterally symmetrically disposed 
across the center axis L. That is, the first wire guide 71 plays 
a role as positioning/disposing mechanism for positioning 
and disposing the manipulation wires 56a, 56b and the guide 
sheaths 66a, 66b. 

After the manipulation wires 56a, 56b project from the 
extreme ends of the guide sheaths 66a, 66b as shown in FIG. 
5A, they enter the first bending piece 51 while extending, for 
example, right and left. The manipulation wire 56a is inserted 
into the cut and raised piece 70 in the right portion as 
described above. The manipulation wire 56b is inserted into 
the cut and raised piece 70 in the left portion as described 
above. 

Note that although the extreme ends of the guide sheaths 
66a, 66b are directly fixed to the first wire guide 71, they may 
be indirectly fixed to the first wire guide 71 using a connector 
Such as a connecting ring, not shown. 
As shown in FIGS.5A, 5B and 6B, the extreme ends of the 

guide sheaths 67a, 67b are fixed to a second wire guide 72 
disposed in the third bending piece 53 and positioned to and 
supported by the third bending piece 53. The second wire 
guide 72 is formed of for example, a ring-like sheet-shaped 
member. The second wire guide 72 is fixed to the inner wall of 
the third bending piece 53 by pins 60 at both the end edges 
thereof. As shown in FIG. 6B, cut-outs are formed in the 
upper and lower end edges of the outer peripheral portion of 
the second wire guide 72. Guide sheaths 67a, 67b are brazed 
to the cut-outs. That is, the cut-outs are brazed portions. 
An insertion hole 77, through which the contained mem 

bers such as the guide sheaths 66a, 66b and the guide sheaths 
67a, 67b are inserted, is formed at the center of the second 
wire guide 72. The insertion hole 77 is formed in a circular 
shape about the center axis L. The radius of the insertion hole 
77 is smaller than that of the insertion hole 76. The extreme 
ends of the guide sheaths 67a, 67b are positioned and dis 
posed in, for example, the upper/lower inner wall portions in 
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the insertion hole 77, respectively and fixed to the positions 
by brazing or the like. Accordingly, the extreme ends of the 
guide sheaths 67a, 67b are disposed at the same distance from 
the center axis L. In other words, the extreme ends of the 
guide sheaths 67a, 67b are vertically symmetrically disposed 
with respect to the center axis L. With this configuration, the 
manipulation wires 57a, 57b passing through the guide 
sheaths 67a, 67b are also vertically symmetrically disposed 
with respect to the center axis L. As described above, the 
second wire guide 72 plays a role as positioning/disposing 
mechanism for positioning and disposing the manipulation 
wires 57a, 57b and the guide sheaths 67a, 67b. 

Further, as shown in FIG. 6B, groove portions 78 are 
formed in the right/left inner wall portions in the insertion 
hole 77. The guide sheath 66a is fitted into the groove portion 
78 in the right inner wall portion so that it is free to advance 
and retreat. Further, the guide sheath 66b is fitted into the 
groove portion 78 in the left inner wall portion so that it is free 
to advance and retreat. With this configuration, the guide 
sheaths 66a, 66b are positioned and held by the second wire 
guide 72. At this time, the guide sheaths 67a, 67b are disposed 
inwards of the guide sheaths 66a, 66b (nearer to the center 
axis L) with respect to a direction vertical to the axial direc 
tion of the first rotation shaft 61 and the second rotation shaft 
62 (in the direction of the center axis L). Accordingly, the 
manipulation wires 57a, 57b are disposed inwards of the 
manipulation wires 56a, 56b with respect to the direction of 
the center axis L. That is, in this case, the second wire guide 
72 plays a role as positioning/disposing mechanism for 
executing positioning so that the guide sheaths 67a, 67b are 
disposed inwards of the guide sheaths 66a, 66b (the manipu 
lation wires 57a, 57b are disposed inwards of the manipula 
tion wires 56a, 56b). 

After the manipulation wires 57a, 57b, which are guided 
by the guide sheaths 67a, 67b, project from the extreme ends 
of the guide sheaths 67a, 67b as shown in FIG. 5B, they enter 
the second bending piece 52 while extending, for example, up 
and down. The manipulation wire 57a is inserted into the cut 
and raised piece 70 in the upper portion as described above. 
The manipulation wire 57b is inserted into the cut and raised 
piece 70 in the lower portion as described above. 

Note that although the extreme ends of the guide sheaths 
67a, 67b are directly fixed to the second wire guide 72, they 
may be indirectly fixed to the second wire guide 72 using a 
connector Such as a connecting ring, not shown. 

In the third bending piece 53, the guide sheaths 67a, 67b 
are disposed inwards of the guide sheaths 66a, 66b (nearer to 
the center axis L) as shown in FIG. 6B. Accordingly, a space 
S is formed around the periphery of the center axis L. Con 
tained members, a Surgical function unit to be assembled to 
the extreme end portion 47 (for example, the grip forceps 48), 
and the like are disposed in the space S. 
As shown in FIGS. 4, 5A and 5B, cut and raised pieces 79. 

which are recessed to the inside of the fourth bending piece 
54, are formed in the rightinner wall portion and the left inner 
wall portion in the end edge portion of the extreme end of the 
fourth bending piece 54. The extreme end of the guide sheath 
68a is fixed to the cut and raised piece 79 in the right inner 
wall portion by brazing or the like. The extreme end of the 
guide sheath 68b is fixed to the cut and raised piece 79 in the 
left inner wall portion by brazing or the like. 

Note that the extreme ends of the guide sheaths 68a. 68b 
may be fixed to the fourth bending piece 54 by connection 
rings (not shown). 
As shown in FIG. 5A, after the manipulation wires 58a, 

58b project from the extreme ends of the guide sheaths 68a, 
68b, they enter the third bending piece 53. As described 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

12 
above, the manipulation wire 58a is inserted into the cut and 
raised piece 80 in the right side portion. Further, the manipu 
lation wire 58b is inserted into the cut and raised piece 80 in 
the left side portion as described above. 

Note that the extreme ends of the manipulation wires 58a, 
58b may be fixed to the third bending piece 53 by connection 
rings (not shown). 
As shown in FIGS. 4, 5A and 6C, in the cut and raised 

pieces 80 and 79, the guide sheaths 66a, 66b are disposed 
more away externally from the center axis L than the cut and 
raised pieces 80, 79. To explain in detail, as shown in FIGS. 4 
and 5A, the cut and raised pieces 80 have cut-out gaps 80a 
formed thereon, through which the guide sheaths 66a, 66b 
can be inserted. Further, the cut and raised pieces 79 have 
cut-out gaps 79a formed thereon, through which the guide 
sheaths 66a, 66b can be inserted. As shown in FIG. 4, the 
guide sheaths 66a, 66b pass through the cut-out gaps 80a 
from the inside of the third bending piece 53 and exit to the 
outside of the third bending piece 53. Further, the guide 
sheaths 66a, 66b reach the cut and raised pieces 79, pass 
through the cut-out gaps 79a, and enter the fourth bending 
piece 54. 

Accordingly, as shown in FIG. 6C, the guide sheaths 68a, 
68b are disposed inwards of the guide sheaths 66a, 66b 
(nearer to the center axis L) in a direction vertical to the axial 
direction of the first rotation shaft 61, the second rotation 
shaft 62, and the third rotation shaft 63 (in the direction of the 
centeraxis L). Therefore, the manipulation wires 58a, 58b are 
disposed inwards of the manipulation wires 56a, 56b in the 
direction of the center axis L. Thus, the cut and raised pieces 
79, 80 play a role as positioning/disposing mechanism for 
executing positioning of the manipulation wires 58a, 58b and 
the guide sheaths 68a, 68b. 

Further, as shown in FIG. 6C, the guide sheaths 68a. 68b 
are disposed inwards of the guide sheaths 66a, 66b and the 
guide sheaths 67a, 67b (nearer to the center axis L) in a 
direction vertical to the axial direction of the first rotation 
shaft 61, the second rotation shaft 62, and the third rotation 
shaft 63 (in the direction of the center axis L). Accordingly, 
the manipulation wires 58a, 58b are disposed inwards of the 
manipulation wires 56a, 56b and the manipulation wires 57a, 
57b. 
As shown in FIGS. 4 and 5B, cut and raised pieces 90. 

which are recessed to the inside of the fifth bending piece 55, 
are formed in the upper inner wall portion and the lower inner 
wall portion of the fifth bending piece 55 in the end edge 
portion of the fifth bending piece 55 on the extreme end side 
thereof. The extreme end of the guide sheath 69a is fixed to 
the cut and raised piece 90 in the upper inner wall portion by 
brazing or the like. The extreme end of the guide sheath 69b 
is fixed to the cut and raised piece 90 in the lower inner wall 
portion by brazing or the like. 

Note that the extreme ends of the guide sheaths 69a, 69b 
may be fixed to the fifth bending piece 55 by connection rings 
(not shown). 
As shown in FIG.5B, after the manipulation wires 59a, 59b 

project from the extreme ends of the guide sheaths 69a, 69b, 
they enter the fourth bending piece 54. As described above, 
the manipulation wire 59a is inserted into the cut and raised 
piece 91 in the upper side portion. Further, the manipulation 
wire 59b is inserted into the cut and raised piece 91 in the 
lower side portion as described above. 
As shown in FIG. 4, in the cut and raised pieces 91 and the 

cut and raised pieces 90, the guide sheaths 67a, 67b are 
disposed more away externally from the center axis L than the 
cut and raised pieces 91,90. To explain in detail, as shown in 
FIG. 4, the cut and raised pieces 91 have cut-out gaps 91a 
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formed thereon, through which the guide sheaths 67a, 67b 
can be inserted. Further, the cut and raised pieces 90 have 
cut-out gaps 90a formed thereon, through which the guide 
sheaths 67a, 67b can be inserted. As shown in FIG. 4, the 
guide sheaths 67a, 67b pass through the cut-out gaps 91a 
from the inside of the fourth bending piece 54 and exit to the 
outside of the fourth bending piece 54. Further, the guide 
sheaths 67a, 67b reach the cut and raised pieces 90, pass 
through the cut-out gaps 90a, and enter the fifth bending piece 
55. 

Accordingly, as shown in FIG. 6D, the guide sheaths 69a, 
69b are disposed inwards of the guide sheaths 67a, 67b in a 
direction vertical to the axial direction of the first rotation 
shaft 61, the second rotation shaft 62, the third rotation shaft 
63 and the fourth rotation shaft 64 (in the direction of the 
center axis L). Accordingly, the manipulation wires 59a, 59b 
are disposed inwards of the manipulation wires 57a, 57b in 
the direction of the center axis L. Thus, the cut and raised 
pieces 91.90 play a role as positioning/disposing mechanism 
for executing positioning of the manipulation wires 59a, 59b 
and the guide sheaths 69a, 69b. 
As described above, the wire guides and the cut and raised 

pieces play the role as the positioning/disposing mechanism 
for specifying the positions of the guide sheaths and at the 
same time play the role as the positioning/disposing mecha 
nism for determining the positions of the manipulation wires 
which are individually guided by the guide sheaths. 
As shown in FIG.4, the fifth bending piece 55 is a bending 

piece positioned at the most extreme base end of the bending 
portion 46. That is, it is possible to assume that the fifth 
bending piece 55 is the base end portion of the bending 
portion 46. A connector member 94 Such as a connection ring 
is disposed in the extreme end of the flexible tube 45. The fifth 
bending piece 55 is coupled with the connector member 94. 
Further, the fifth bending piece 55 may be rotatably coupled 
with the connector member 94. In this mode, it is also possible 
to assume that the connector member 94 is the base end 
portion of the bending portion 46. 

Further, the contained members such as a manipulation 
wire 93 and an electric wire are disposed in the space of the 
bending pieces in which the manipulation wires, the guide 
sheaths, and the positioning/disposing mechanism are not 
disposed. Further, the guide sheath and the manipulation wire 
on the base end side are disposed inwards of the guide sheath 
and the manipulation wire on the extreme end side. Accord 
ingly, the space S is formed in a central region (in the periph 
ery of the center axis L) of the bending piece on the extreme 
end side. In particular, the large space S is formed from the 
first bending piece 51 to the third bending piece 53. Thus, the 
contained members, the Surgical function unit to be 
assembled to the extreme end portion 47 (for example, the 
grip forceps 48), and the like are disposed in the space S. 
Further, function parts Such as an actuator and a sensor may 
be disposed in the space S. 
As shown in FIG. 3, the manipulation unit 41 is provided 

with a bending portion manipulation mechanism and a Surgi 
cal portion manipulation mechanism. The bending portion 
manipulation mechanism is provided with drive motors 95. 
96.97, 98 for pushing and pulling the manipulation wires 56, 
57,58, 59, respectively. Further, the surgical portion manipu 
lation mechanism is provided with a drive motor 100 for 
pushing and pulling the manipulation wire 93. The manipu 
lation wires 56, 57, 58, 59 correspond to the bending pieces 
(targets to be rotated) 51, 52, 53, 54 and execute rotating 
manipulations. The manipulation wire 93 manipulates the 
grip forceps 48. 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

14 
Pulleys 99 are attached to drive shafts of the drive motors 

95, 96, 97,98, 100, respectively. The respective drive shafts 
may be coupled with the respective pulleys 99 through reduc 
ers (not shown). The manipulation wires 56,57,58, 59,93 are 
trained round the respective pulleys 99. The drive motors 95. 
96.97,98, 100 are individually driven, respectively, and when 
the pulleys 99 are rotated, the manipulation wires 56, 57,58, 
59, 93 trained around the pulleys 99 are pushed and pulled. 

Although the bending portion manipulation mechanism 
and the Surgical portion manipulation mechanism use trans 
mission mechanisms making use of the pulleys 99, they may 
use, for example, a gear mechanism and the like making use 
of a pinion gear and a rack. Further, the bending portion 
manipulation mechanism and the Surgical portion manipula 
tion mechanism may use other types of drive actuators in 
place of the drive motors 95.96, 97,98, 100. 
As shown in FIGS. 2 and 3, the manipulation unit 41 is 

connected to the surgical instrument controller 37 through a 
cable 201. The bending manipulation unit 39 as the manipu 
lation input unit is connected to the Surgical instrument con 
troller 37 through a cable 204. In FIG. 3, the surgical instru 
ment controller 37 is provided with a power supply cord 205. 
The bending manipulation unit 39 includes a joystick (ma 

nipulation input unit) 203 for instructing a position and an 
attitude of the surgical instrument 40. The joystick 203 
includes four joystick switches 203a, 203b, 203c. 203d con 
tinuously connected in four stages. The joystick Switches 
203a, 203b, 203c. 203d are attached to a manipulation box 
210. 
When the joystick switches 203a, 203b, 203c, 203d are 

selectively manipulated, the drive motors 95, 96, 97,98 are 
individually driven corresponding to the manipulation. With 
this manipulation, the bending pieces 51, 52, 53, 54 are indi 
vidually and independently driven in up, down, right, and left 
directions to thereby bend respective joint portions. 
The Surgical instrument extreme end movement controller 

18 can move the extreme end portion 47 to a desired position 
by the movement according to the manipulation of the joy 
stick 203. That is, the surgical instrument extreme end move 
ment controller 18 constitutes the surgical instrument 40 
which is arranged as a master/slave type and driven electri 
cally. Note that, when the joystick 203 is manipulated by an 
operator and the like after a control for moving the Surgical 
instrument 40 is set, preference is given to an instruction for 
manipulating the joystick 203. 
As shown in FIG. 2, the surgical instrument controller 37 is 

provided with a function control input portion 121 for input 
ting an instruction output from the joystick 203, a condition 
for controlling the function of the joystick 203, and the like, a 
motor driver (surgical instrument drive controller) 122 for 
controlling the drive of the drive motors 95.96, 97,98, and a 
motor unit communication unit 123 connected to the Surgical 
instrument drive unit 38 through the cable 201 for executing 
communication with the surgical instrument drive unit 38. 
The surgical instrument controller 37 transmits a control 

signal for driving the drive motors 95.96, 97,98 in response 
to the manipulation of the joystick 203 executed by the opera 
torto the motor driver 122 and rotates the drive motors 95.96, 
97.98. Encoders (not shown) are mounted on the drive motors 
95, 96, 97,98 to measure the number of revolutions thereof. 
The encoders feedback-control the drive motors 95, 96, 97,98 
by generating signals according to the number of revolutions 
and transmitting the signals to the motor driver 122. 
The relation between a multijointed structure in the bend 

ing portion 46 and the joystick 203 will be explained with 
reference to FIGS. 8A, 8B and 9. 
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As shown in FIG. 8A, in a state that all the joint portions in 
the bending portion 46 project from the extreme end portion 
33, the joints disposed from the manipulation unit side (base 
end side) to the extreme end side are sequentially referred to 
as J1, J2, J3, J4. A coordinate system is set using the joint J1 
disposed nearest to the manipulation unit side as a reference. 
In the coordinate system, a Y-axis direction agrees with a 
Vertical direction of the image pickup device. It is assumed 
that the joints J1, J3 are bent about an X-axis, and the joints J2. 
J4 are bent about a Y-axis. 
As shown in FIG. 9, the joystick 203 (manipulation input 

unit) includes joints J1", J2, J3', J4' which have the same 
structures as those of the joint J1 and the joints J2, J3, J4 
located nearer to the extreme end side than the joint J1. 
The number of the joints and the bending directions of the 

joystick 203 are the same as those of the bending portion 46. 
The lengths of respective rods of the joystick 203 are set to 
values multiplied by an appropriate coefficient k so that the 
operator can easily manipulate them. When, for example, 
k=10 and the length of each rod of the surgical instrument 40 
is 3 mm, the length of each rod of the joystick 203 (manipu 
lation input unit) is set to 30 mm. Encoders (not shown) are 
assembled to the joints J1", J2, J3', J4' to measure bent angles. 
The information of the bent angles measured by the encoders 
is sent to the surgical instrument controller 37. The surgical 
instrument controller 37 generates drive signals correspond 
ing to the angle information (the joints J1", J2, J3', J4") and 
bends the joints J1, J2, J3, J4 by rotating the drive motors 95. 
96, 97,98, respectively. When the joints J1", J2, J3', J4' are 
bent as shown in, for example, FIG.9, the joints J1, J2, J3, J4 
are bent as shown in FIG. 8B. 

Since the bending portion 46 has a the plurality of joints, 
the extreme end of the surgical instrument 40 can be moved to 
an arbitrary position and an arbitrary attitude so that an 
affected area can be more easily cut out and exfoliated than 
ever before. Further, since the joint structure of the surgical 
instrument 40 is caused to equally correspond to that of the 
manipulation input unit, the operator can easily operate the 
Surgical instrument having a plurality of joints. 

Further, the drive motor 100 also has a motor driver, a 
motor unit communication unit, and the like similarly to the 
drive motors 95, 96, 97,98. The grip forceps 48 is manipu 
lated by manipulating a manipulation body Such as a handle 
(function control/input unit) 125 disposed in the manipula 
tion unit 41 and the like. 

Note that the manipulation input unit may be preferably 
provided with a first manipulation Switch corresponding to 
the first bending piece 51, a second manipulation Switch 
corresponding to the second bending piece 52, a third 
manipulation Switch corresponding to the third bending piece 
53, and a fourth manipulation switch corresponding to the 
fourth bending piece 54. When, for example, the first manipu 
lation switch is depressed, the first bending piece 51 is bent. 
Further, the manipulation unit 41 may be preferably provided 
with a switch device (manipulation switch) for the bending 
manipulation. The manipulation input unit may use a pen type 
input unit for inputting a three-dimensional position. 

Next, an operation when the Surgical instrument 40 is used 
will be explained. 

First, as shown in FIG. 2, the insertion portion 21 is inserted 
into a body cavity, and the insertion portion 42 is inserted 
from the insertion port 28 into the insertion channel in this 
state. The extreme end portion 47 and the bending portion 46 
project from the channel port 36 into the body cavity. Then, a 
work for gripping an affected area and the like in the body 
cavity is executed using the grip forceps 48 while observing 
them by the endoscope 2. 
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In this case, the bending portion 46 can be bent to an 

appropriate multijointed bent shape according to the state in 
the body cavity and the surgical procedure. That is, when the 
joystick 203 is manipulated and the bending pieces 51, 52,53, 
54 are individually rotated, the bending portion 46 is bend 
into an appropriate shape. 
When, for example, the drive motor 95 is driven, the 

manipulation wires 56a, 56b trained around the pulley 99 in 
the drive motor 95 are pushed and pulled. With this operation, 
the first bending piece 51 is independently rotated. When the 
drive motor 96 is driven, the manipulation wires 57a, 57b 
trained around the pulley 99 in the drive motor 96 are pushed 
and pulled. With this operation, the second bending piece 52 
is independently rotated. When the drive motor 97 is driven, 
the manipulation wires 58a, 58b trained around the pulley 99 
in the drive motor 97 are pushed and pulled. With this opera 
tion, the third bending piece 53 is independently rotated. 
Further, when the drive motor 98 is driven, the manipulation 
wires 59a, 59b trained around the pulley 99 in the drive motor 
98 are pushed and pulled. With this operation, the fourth 
bending piece 54 is independently rotated. 

Accordingly, the bending pieces 51, 52, 53, 54 are inde 
pendently rotated by appropriately bending the joystick 203 
so that the bending portion 46 is bent. The bending portion 46 
is bent even to a complicated shape by adjusting the direction 
in which the joystick 203 is rotated and the amount of rotation 
thereof. 
As described above, in the embodiment, since the manipu 

lation wires are disposed in the respective bending pieces, it is 
possible to independently rotate only an arbitrary bending 
piece. Accordingly, in the embodiment, since the bending 
mechanism has a plurality of degrees of freedom, a work can 
be easily executed even in a narrow region Such as a body 
cavity. 

In more detail, in the embodiment, since the bending pieces 
51, 52,53,54 can be independently rotated (bend), the bend 
ing portion 46 can be partially bent also in a different direc 
tion. Thus, in the embodiment, the bending portion 46 can be 
bend into an appropriate shape according to a state of use. As 
a result, since the degree of freedom of bending of the bending 
portion 46 is increased, it is possible in the embodiment to 
easily execute even a complex work in a narrow body cavity 
region as compared with a case in which the bending portion 
46 is uniformly bend. Further, in the embodiment, since the 
attitude of the bending portion 46 can be easily bent so that it 
does not disturb another Surgical instrument or observation 
with the endoscope 2, the workability of the surgical instru 
ment 40 can be increased. 

Since the positions of the guide sheaths are determined in 
the bending portion 46, the embodiment can prevent the inter 
ference between the contained members including the guide 
sheaths. Further, the manipulation wires inserted into the 
guide sheaths are prevented from being in direct contact with 
the other manipulation wires or the contained members 
thanks to the guide sheaths. As a result, the embodiment can 
reduce the interference between the manipulation wires and 
the interference between the manipulation wires and the con 
tained members. 

Further, in the embodiment, the manipulation wire con 
nected to the bending piece disposed in the base end side is 
disposed inwards of the manipulation wire connected to the 
bending piece disposed in the extreme end side. Accordingly, 
the embodiment can easily secure the space inwards of the 
bending piece disposed in the extreme end side. Thus, the 
embodiment can easily assemble, for example, the Surgical 
function unit (for example, grip forceps 48) and the like to the 
Space. 
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To explain in detail, the embodiment disposes the manipu 
lation wire for rotating the bending piece disposed in the 
extreme end side and the guide sheath for guiding the manipu 
lation wire inwards of the manipulation wire for rotating the 
bending piece disposed in the base end side and the guide 
sheath for guiding the manipulation wire. With this configu 
ration, the embodiment can easily secure the space S in the 
central region (inside) in the bending piece disposed in the 
extreme end side. Accordingly, the embodiment can easily 
assemble, for example, Surgical function parts and the like to 
the space S. 

Since the embodiment compactly disposes the manipula 
tion wire connected to the bending piece disposed in the base 
end side and the manipulation wire connected to the bending 
piece disposed in the extreme end side, even if the number of 
the manipulation wires increases, the embodiment can pre 
vent the manipulation wires from being entangled with each 
other. Further, since the embodiment can compactly dispose 
the plurality of the manipulation wires, it can reduce the 
diameter of the bending mechanism. 

To explain in detail, in the embodiment, the manipulation 
wires 56, 57,58, 59 can be disposed without being entangled 
with each other even though they pass through the narrow 
bending portion 46, and further the manipulation wires 56, 
57, 58 can be disposed compactly. In other words, since the 
embodiment can prevent the manipulation wires 56, 57, 58 
from being entangled with each other in the bending portion 
46 and reduce occurrence of interference between the 
manipulation wires, it can Smoothly execute a bending 
manipulation. Further, in the embodiment, since an allowance 
for disposing other contained member in the bending portion 
46 can be made, the diameter of the bending portion 46 can be 
reduced. 

Further, in the embodiment, a guide sheath, which guides a 
manipulation wire for rotating a bending piece, is connected 
to a bending piece located just behind the above bending 
piece (on the base end side). Thus, the embodiment can maxi 
mize the efficacy of the wire guide function achieved by the 
guide sheath. Further, the region in which the manipulation 
wires are separately exposed can be reduced. Accordingly, the 
embodiment can avoid any reduction in the wire guide func 
tionality. Further, when, for example, the insertion portion 42 
itself is twisted, the embodiment can alleviate the effect of the 
twist on the wire guide function of the guide sheaths. 

Further, in the embodiment, the guide sheaths may be 
formed of an intimately wound metal coil. With this configu 
ration, the embodiment can Sufficiently withstand any abrupt 
rotating and bending actions of the bending pieces. 

Next, a modification of the positioning/disposing mecha 
nism of the embodiment described above will be explained 
with reference to FIGS. 10A and 10B. 

In the modification, no wire guide is used, and guide 
sheaths are directly positioned and fixed to bending pieces. As 
shown in, for example, FIG. 10A, holes 124 are formed in the 
right/left inner wallportions of the second bending piece 52 to 
flow, for example, a brazing alloy thereinto. The extreme end 
of the guide sheath 66a is fixed to the right inner wall portion 
of the second bending piece 52 by the brazing alloy or the like 
flowed into the hole 124 formed in the rightinner wall portion 
of the second bending piece 52. The extreme end of the guide 
sheath 66b is fixed to the left inner wall portion of the second 
bending piece 52 by the brazing alloy or the like flowed into 
the hole 124 formed in the left inner wall portion of the second 
bending piece 52. As described above, the second bending 
piece 52 plays a role as positioning/disposing mechanism for 
positioning and disposing the manipulation wires 56a, 56b 
and the guide sheaths 66a, 66b. 
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Further, as shown in, for example, FIG. 10B, the upper 

inner wall portion 127a and the lower inner wall portion 127b 
of the third bending piece 53 are recessed toward the inside of 
the third bending piece 53. Holes 124 are formed in the upper 
inner wallportion 127a and the lower inner wallportion 127b. 
The extreme end of the guide sheath 67a is fixed to the upper 
inner wall portion 127a by a brazing alloy or the like flowed 
into the hole 124 formed in the upper inner wall portion 127a. 
The extreme end of the guide sheath 67b is fixed to the lower 
inner wall portion 127b by a brazing alloy or the like flowed 
into the hole 124 formed in the lower inner wall portion 127b. 
As described above, the third bending piece 53 plays a role as 
positioning/disposing mechanism for positioning and dispos 
ing the manipulation wires 57a, 57b and the guide sheaths 
67a, 67b. 
As described above, since no wire guide is necessary in the 

modification, a configuration can be simplified and made 
Small and a manufacturing cost can be reduced. 

Next, another embodiment of the present invention will be 
explained, with reference to FIGS. 11 and 12. The overall 
configuration of an endoscope apparatus system in this 
embodiment is approximately the same as that of the above 
described embodiment. However, a motor unit of a surgical 
instrument 40 is additionally provided with a mechanism 131 
for rotating a bending portion 46 around the axis of an inser 
tion portion 42 and a mechanism 132 for advancing the bend 
ing portion 46 in the axial direction of the insertion portion 42 
in parallel therewith. Further, at least four joints are disposed 
in the bending portion 46. With this configuration, the posi 
tion and the attitude of the extreme end portion 47 are arbi 
trarily controlled. Further, the movement of the surgical 
instrument 40 corresponds to that of a manipulation input unit 
140. A joystick type manipulation input unit having an 
advancing, retreating, and rotating joint structure is used as 
the manipulation input unit 140. 
A coordinate system is set as shown in FIG. 11. The coor 

dinate system uses a base end portion 141 of the manipulation 
input unit 140 as a reference and corresponds to the Surgical 
instrument 40. In the coordinate system, the joint J1 moves 
forward and rearward, the joint J2 rotates in an axial direction, 
the joints J3, J5 are bent about a Y-axis, and the joints J4, J6 
are bent about an X-axis. The rotation angles of the joints J2 
to J6 are shown by 02 to 06, respectively. The lengths of 
respective rods are shown by L1 to L5 and the length of an 
extreme end rod is shown by L6. Thus, conversion matrices in 
the respective joints J1, J2, J3, J4, J5, J6 are shown by Expres 
sion 1 from the kinematics of the manipulator (Surgical instru 
ment 40). 

1 O O O Expression 1 

O 1 O O 
Joint 1: T = 0 0 1 - L. 

O O O 1 

cosé2 - sin62 0 
sin8 cost 0 

Joint 12: T = O O 1 - L2 
O O O 1 

costs O sin83 - Lasin83 
O 1 O O 

Joint 13: T = -sin83 0 costs - Lacosé 
O O O 1 
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-continued 
1 O O O 

4. O cosé4 -sin64 L4Siné4 
Joint J4: T = O sin64 cosé4 - L4cosé4 

O O O 1 

costs () sin65 - L5sines 
O 1 O O 

Joint J5: T = . -sines O costs - L5 costs 
O O O 1 

1 O O O 

O cost, -sine sin6 Joint J6: T = into 6 L6Siné6 
O sin66 cosé6 - Locos66 
O O O 1 

Accordingly, a homogeneous conversion matrix is shown 
by Expression 2. 

T = T, TTTTTg Expression 2 

12 13 i. 

r21 22 r23 ty 
i3 32 33 is 
O O O 1 

Since the coordinate system uses the base end portion 141 
as the reference, the position (x, y, z) and the attitude (0x, 0y, 
0z) of the extreme end portion of the manipulation input unit 
140 are determined by Expression 3. 

T Expression 3 

0, (asin(r32 / cos(y) 
Oy = asin(-r) 
0. asin(rif cos(y) 

The configuration of the surgical instrument 40 is different 
from that of the manipulation input unit 140. Accordingly, to 
operate the Surgical instrument 40 by operating the manipu 
lation input unit 140, it is necessary to match the position and 
the attitude of the surgical instrument 40 with those of the 
manipulation input unit 140. For this purpose, the rotation 
angles and the amounts of parallel (forward and rearward) 
movement of the respective joints of the Surgical instrument 
40 must be determined. 
As described above, the movement of the surgical instru 

ment 40 corresponds to that of the manipulation input unit 
140. Accordingly, the position and the attitude of the Surgical 
instrument 40 are determined by those of the manipulation 
input unit 140. Assuming that the configuration of the Surgical 
instrument 40 is known, the rotation angles and the amounts 
of parallel movement of the respective configurations of the 
Surgical instrument 40 can be determined by inverse kinemat 
ics. Inverse kinematics is a method of estimating the specific 
values of the joints (angles and the like thereof) from the 
position/attitude information of the manipulator (Surgical 
instrument 40) in a working space. The joint parameter d of 
the respective joints 1, 2, ..., n are shown by Expression 4. 

d=(0,0,...,0) Expression 4 
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The position and the attitude of the manipulator are shown 

by Expression 5. 

E(VEVEZE,Rollee Yaw E.PitchE) T Expression 5 

Thus, the relation thereof is shown by Expression 6. 
E=A(p) 

Here, the target P of the position and the attitude of the 
manipulator is shown by Expression 7. 

Expression 6 

P(xp'PZPRollPYaw P.Pitchp) T Expression 7 

To place the manipulator in a P. state, d must be deter 
mined to satisfy Expression 8. 

P=A(p) Expression 8 

However, since these expressions are non-linear, ordi 
narily, Jacobian matrix J(d) is determined by subjecting Ep to 
partial differentiation by the factor of d to determined. 

dwep dwep dxep Expression 9 
de d6 d6, 
dyap dyap dyap 
de d6 d6, 
dzep dep dzep 
de d6 d6, 

"I a Roll, a Roi d Roll ep ep ep 

de d6 d6, 
draw draw draw 
de d6 d6, 

d Pitch d Pitch d Pitch 
de de d6, 

Expression 11 is determined from Expression 10. 
d–J(d) 'E, Expression 10 

P=A(p) Expression 11 

Then, did that satisfies Expression 11 is determined by a 
convergence calculation. 
As a result, according to the embodiment, even when the 

configuration of the manipulation input unit 140 is different 
from that of the surgical instrument 40, the extreme end of the 
Surgical instrument 40 can be moved to an arbitrary position 
and an arbitrary attitude from the position and the attitude of 
the manipulation input unit 140, and an affected area can be 
cut out and exfoliated more easily than ever before. 
The present invention can be also applied to a bending 

portion of an endoscope. The present invention can be applied 
to, for example, the bending mechanism of the bending por 
tion in the insertion portion of the endoscope according to the 
embodiment described above. Further, the surgical instru 
ment as a target of the present invention also includes a 
Surgical catheter. 
Note that, in the explanation of the embodiment described 

above, the numerals of the bending pieces, the manipulation 
wires, the guide sheaths, and the wire guides are used to 
explain the embodiment and do not always agree with the 
numerals described in the claims. For example, there are 
cases where a first bending piece in the claim is the second 
bending piece in the embodiment, and a second bending piece 
in the claim is the third bending piece in the embodiment. 

<Additional Statement> 
According to the above explanation, there can be obtained 

multijointed medical equipment according to the following 
items or arbitrary combinations of the following items and the 
items according to the claims. 
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1. An endoscope Surgical instrument including: 
an endoscope to observe an affected area in a body cavity; 
a Surgical instrument to perform Surgery on the affected 

area by passing through an insertion portion of the endo 
Scope; 

at least one bending mechanism disposed in an extreme end 
of the Surgical instrument; 

manipulation mechanism for moving the extreme end of 
the Surgical instrument in a direction intended by an operator; 

control mechanism for controlling movement of the 
extreme end of the Surgical instrument in response to manipu 
lation of the manipulation mechanism; and 

mechanism for operating the bending mechanism of the 
Surgical instrument in response to a control signal from the 
control mechanism. 

2. The endoscope Surgical instrument according to item 1, 
wherein the Surgical instrument includes a soft insertion por 
tion and a Surgical portion for cutting out and exfoliating an 
affected area of a living body. 

3. The endoscope Surgical instrument according to item 1, 
wherein power for operating the bending mechanism is 
assembled in the vicinity of the extreme end of the surgical 
instrument. 

4. The endoscope Surgical instrument according to item 1, 
in which power for operating the bending mechanism is dis 
posed in a portion other than the vicinity of the extreme end of 
the Surgical instrument and which includes transmission 
mechanism for transmitting the power to the bending mecha 
nism. 

5. The endoscope Surgical instrument according to item 1. 
including mechanism for moving the extreme end of the 
surgical instrument forward and rearward. 

What is claimed is: 
1. A multijointed bending mechanism comprising: 
a first bending piece; 
a second bending piece connected to the first bending piece 

so as to be rotatable around a first rotation shaft and 
provided closer to a base end side of the multijointed 
bending mechanism than the first bending piece; 

a third bending piece connected to the second bending 
piece so as to be rotatable around a second rotation shaft 
and provided closer to a base end side of the multijointed 
bending mechanism than the second bending piece; 

at least two first wires connected to the first bending piece 
to rotate the first bending piece and inserted into the third 
bending piece; 

at least two second wires connected to the second bending 
piece to rotate the second bending piece and inserted 
into the third bending piece; and 

a positioning/disposing mechanism configured to execute 
positioning so that the second wires which are inserted 
into the third bending piece are disposed closer to a 
center axis side of the multijointed bending mechanism 
than the first wires which are inserted into the third 
bending piece. 

2. The multijointed bending mechanism according to claim 
1, further comprising positioning/disposing mechanism dis 
posed in the second bending piece for executing positioning 
so that the second wires are disposed inwards of the first 
wires. 

3. The multijointed bending mechanism according to claim 
1, further comprising: 

a first elastic member connected to the second bending 
piece to guide the first wires; and 

a second elastic member connected to the third bending 
piece to guide the second wires. 
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4. The multijointed bending mechanism according to claim 

3, wherein the positioning/disposing mechanism is disposed 
in the third bending piece. 

5. A multijointed medical equipment comprising the mul 
tijointed bending mechanism according to claim 1. 

6. A multijointed bending mechanism comprising: 
a first bending piece; 
a second bending piece connected to the first bending piece 

so as to be rotatable around a first rotation shaft and 
provided closer to a base end side of the multijointed 
bending mechanism than the first bending piece; 

a third bending piece connected to the second bending 
piece so as to be rotatable around a second rotation shaft 
and provided closer to a base end side of the multijointed 
bending mechanism than the second bending piece; 

a fourth bending piece connected to the third bending piece 
so as to be rotatable around a third rotation shaft and 
provided closer to a base end side of the multijointed 
bending mechanism than the third bending piece; 

at least two first wires connected to the first bending piece 
to rotate the first bending piece and inserted into the 
fourth bending piece; 

at least two third wires connected to the third bending piece 
to rotate the third bending piece and inserted into the 
fourth bending piece; and 

a positioning/disposing mechanism configured to execute 
positioning so that the third wires which are inserted into 
the fourth bending piece are disposed closer to a center 
axis side of the multijointed bending mechanism than 
the first wires which are inserted into the fourth bending 
piece. 

7. The multijointed bending mechanism according to claim 
6, wherein the positioning/disposing mechanism is disposed 
in the fourth bending piece. 

8. The multijointed bending mechanism according to claim 
6, further comprising: 

a first elastic member connected to the second bending 
piece to guide the first wires; and 

a third elastic member connected to a fourth bending piece 
rotatably connected to the third bending piece to guide 
the third wires. 

9. The multijointed bending mechanism according to claim 
8, further comprising positioning/disposing mechanism dis 
posed in the third bending piece for executing positioning so 
that the third wires are disposed inwards of the first wires. 

10. A multijointed medical equipment comprising the mul 
tijointed bending mechanism according to claim 6. 

11. The multijointed bending mechanism according to 
claim 1, wherein the positioning/disposing mechanism com 
prises cut and raised pieces formed of a part of a peripheral 
Surface of the second bending piece recessed to inside 
thereof. 

12. The multijointed bending mechanism according to 
claim 1, wherein: 

the second bending piece comprises right and left inner 
wall portions, 

the third bending piece comprises upper and lower inner 
wall portions recessed to inside thereof, 

the positioning/disposing mechanism comprises a first 
guide sheath configured to guide the first wires and a 
second guide sheath configured to guide the second 
wires, and 

the first guide sheath is fixed to the right and left inner wall 
portions and the second guide sheathis fixed to the upper 
and lower inner wall portions. 

13. The mulitjointed bending mechanism according to 
claim 6, wherein the positioning/disposing mechanism com 
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prises first cut and raised pieces formed of a part of a periph 
eral surface of the fourth bending piece recessed to inside 
thereof and a first guide sheath which the third wires inserted 
into and is fixed the first cut and raised pieces. 

14. The multijointed bending mechanism according to 
claim 13, wherein: 

the positioning/disposing mechanism further comprises 
second cut and raised pieces formed of a part of a periph 
eral surface of the third bending piece recessed to inside 
thereof and a second guide sheath which the first wires 
inserted into and is inserted into space portion formed at 
second cut and raised pieces, 

the second guide sheath is inserted into the fourth bending 
piece, and 

the first guide sheath is disposed closer to a center axis side 
of the multijointed bending mechanism than the second 
guide sheath. 
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